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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from co-pending Provisional 
Application Serial No. 60/262,702, entitled "Stratospheric Platform Based Surface 
Vehicle Tracking And Mobile Data Network," filed January 19, 2001, which 
appUcation is hereby specifically incorporated by reference as though set forth fully 
herein. 

TECHNICAL FIELD 

[0002] The present invention relates generally to a method and system for 
determining a position of a mobile terminal in a mobile communication system, and 
more particularly to a method and system for a mobile terminal tracking method and 
system having high rate data service that does not require GPS. 

BACKGROUND OF THE INVENTION 

[0003] Communication satellites have become commonplace for use in many 
types of communication services, e.g., data transfer, voice communications, television 
spot beam coverage, and other data transfer appUcations. As such, "bent pipe" 
satellites transmit and receive large amounts of signals that may use a "multiple spot 
beam" configuration to transmit signals to desired geographic locations on the earth. 
Mobile applications such as telephones and personal digital applications are also 
becoming increasingly popular. 

[0004] Architectures having the ability to track the position or location of a 
mobile user are now known. These systems allow for a decrease in platform stability 
requirements, which in turn can lower the overall cost of the system. One exemplary 
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architecture is disclosed in Application Serial No. 09/587,758 and provides for a third 
generation (3G) mobile communications system to mobile terminals. The 3G mobile 
communications system provides high data rate communications to a user enabling 
simultaneous voice, data and entertainment communication. Knowledge of user 
location allows for fewer code division multiple access (CDMA) code handoffs. In a 
fixed-cell-structured system, when a user crosses a boundary of two cells, CDMA 
code handofif must happen to avoid interference. With a beam following a user 
scheme, the user would not have to change his CDMA code unless he gets too close to 
another user who is using the same CDMA code. This system uses a global 
positioning system GPS to determine the position of a user and thus the user terminals 
need to be GPS enabled so as to decrease handoffs and avoid interference. However, 
global positioning systems can be costly to produce due to the inclusion of hardware 
into the mobile user terminals. 

[0005] The architecture of the above system allows the mobile terminals to 
communicate with the gateway through multiple stratospheric platforms. Each 
platform has array elements that are transponded to and firom the gateways where 
beamforming is performed digitally rather than implementing a complete phased array 
antenna on each of the platforms. This array configuration allows the gateway to form 
beams for each individual mobile terminal and track the moving terminals. Multiple 
platforms in a region increases system capacity by allowing firequency reuse with the 
directional mobile terminal antenna or by providing additional processing gain for a 
given terminal. 

[0006] Additionally, various methods for location tracking of mobile users are 
also known. These methods allow the systems to track mobile terminals within the 
system. One such location tracking system is based on a two-way ranging method. 
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One implementation of this method is through polystatic triangulation which utilizes 
three platforms where forward signal paths can be different from the return paths. The 
system can be calibrated by providing triangulation to earth stations. Other methods 
of tracking mobile users are also well known. 

[0007] While the above-described methods and systems are satisfactory, a 
continuous concern of mobile communication engineers is to increase performance 
and reduce the number of components used in a mobile communication system. 
Reducing the number of components is important because it decreases weight, 
decreases costs involved in production and implementation, and potentially increases 
accuracy and efficiency of the communication system. 

[0008] It would therefore be desirable to develop a mobile communication 
system with fewer components and increased efficiency and accuracy that also allows 
for the communication of data, voice, and other infonnation to the mobile terminal. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to provide a mobile 
communication system that has the ability to determine vehicle position without the 
need for a global positioning system (GPS). 

[0010] It is a flirther object of the present invention to provide a mobile 
communication system that is significantly less expensive than prior systems that 
utilize GPS. 

[0011] It is still another object of the present invention to provide a mobile 
communication system that aggregates all of die mobile communication signals 



through one common gateway station, which allows for additional location tracking 
functions to be easily implemented. 

[0012] It is yet another object of the present invention to provide a mobile 
communication system that can incorporate user terminals which may or may not be 
GPS enabled. 

[0013] It is still a further object of the present invention to provide a mobile 
communication system with increased accuracy in position prediction of user 
terminals over traditional two-way ranging prediction techniques. 

[0014] In accordance with the above and the other objects of the present 
invention, a mobile communication system is provided which has the capability of 
determining a position of a mobile vehicle within the system. The mobile 
communication system includes at least one mobile user terminal. The at least one 
mobile user terminal is in communication with a plurality of satellites to effectuate the 
transfer or communication of signals therebetween. Each of the plurality of satellites 
is in commimication with a gateway, which transmits the signals to and receives them 
from each of the plurality of satellites. The gateway station is also in communication 
with a processing station, which determines a polystatic triangulation position for the 
at least one user terminal and redirects a satelUte beam in response to the position of 
the at least one user terminal. 

BRIEF DESCRIPTION OF THE DRAWING 
[0015] For a more complete understanding of this invention, reference should 
now be had to the embodiments illustrated in greater detail in the accompanying figure 
and described below by way of example. 
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[0016] Figure 1 is a block diagrammatic view of a mobile communication 
system in accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] In the following description, various operating parameters and 
components are described for one constructed embodiment. These specific parameters 
and components are included as examples and are not meant to be limiting. 

[0018] Referring now to Figure 1, a mobile communication system 10 in 
accordance with the preferred embodiment is disclosed. The disclosed mobile 
communication system 10 is intended to overcome the limitations and disadvantages 
discussed above and provide a more efficient system for determining the position of a 
user terminal within the mobile communication system 10. As discussed in more 
detail below, the mobile communication system 10 preferably determines the position 
of a user terminal 12 without the use of a global positioning satellite system (GPS). 
By determining the position of the user terminal 12 without the use of a GPS system 
the mobile communication system 10 becomes more cost effective and efficient. 

[0019] Figure 1 illustrates a block diagrammatic view of the mobile 
communication system 10 in accordance with an embodiment of the present invention. 
The system 10 includes a gateway station 14 in communication with a processing 
center 16. The processing center 16 transmits communication signals to and receives 
communication signals from the user terminal 12. The processing center 16 transmits 
and receives communication signals via the gateway station 14, which are transmitted 
to and received from sfratospheric platforms 18. The stratospheric platforms 18 in 
turn transmit to and receive commxmication signals from the user terminal 12. 
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[0020] The processing center 16 is also in communication with a customer 
network 20 and a center network 22, as is discussed in more detail below. The 
processing center 16 preferably uses polystatic triangulation to determine the position 
of the user terminal 12 and to instruct the stratospheric platform 18 to redirect a 
satellite beam 24 in response to the determined position of the user terminal 12. An 
exemplary polystatic triangulation technique is disclosed in U.S. Application Serial 
No. 09/587,756, entitled "Micro Cell Architecture For Mobile User Tracking 
Communication System," which is hereby specifically incorporated by reference. The 
mobile communication system 10 is preferably configured such that all 
communication signals are aggregated at the gateway station 14, and processed 
therethrough. The disclosed system 10 only illustrates a single gateway station 14, 
however it will be understood that multiple stations may be utihzed. Moreover, while 
only a limited number of stratospheric platforms 18 are illustrated any number may be 
utilized. 

[0021] The stratospheric platform 18 performs platform operations, which 
include creating multiple beams 24 within a coverage area 26. Each beam 24 creates a 
footprint that provides or defmes a cell 28. Each cell 28 is divided into a plurality of 
microcells 30. For example, a beam 42 is directed at the user terminal 12 in a first 
microcell 32 for direct communication between the platform 1 8 and the user terminal 
12. The platform 18 has the ability to redirect the beam 42 and change the microcell 
32 to which the beam 42 is directed depending upon the location of the user terminal 
12. A communication signal that is being transmitted to a first microcell 32 may be 
redirected to a second microcell 34 without discontinuity during the redirection. 

[0022] Stratospheric based systems, such as that of the present invention, do 
not require the large infrastructures typically required by satellite based systems. In 
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stratospheric platform based mobile commimication systems, array elements are 
transponded to and from gateway stations where beamforming is performed digitally 
versus satellite communication systems that use a complete phase array antenna on 
each satellite. Although the present invention prefers the use of stratospheric 
platforms because of their optimum regional coverage, the above-described beam 
changing techniques may also be implemented in satellites. The above-mentioned 
techniques provide direct, strong, and clear communication between stratospheric 
platforms and user terminals and the tracking techniques are preferably performed 
without the need for GPS. 

[0023] It will be imderstood that the user terminal 12 may be either mobile or 
stationary. The user terminal 12 may be any of the following: a data capable phone, a 
personal computer, a personal digital assistant PDA, a navigation system, a GPS, or 
other suitable communication device. The user terminal 12 is capable of transmitting 
and receiving communication signals to and from a stratospheric platform or a 
satellite. Of course, although a single user terminal is illustrated the present invention 
is appUcable for an almost unlimited number of user terminals. 

[0024] The mobile communication system 10 of the present invention 
preferably uses a polystatic configuration. The polystatic configuration consists of 
several transceivers allocated within the platform 18, at separate known locations, 
which cooperate with each other. The platforms 18 may be relatively stationary or 
moving with respect to the gateway station 14 and the user terminal 12. 

[0025] The processing center 16 in using polystatic triangulation to determine 
a user terminal position by transmitting ranging signals from the stratospheric platform 
18. For convenience, three individual stratospheric platforms 18 are identified 



8 



separately by reference numbers 31, 40, and 46. In operation, the processing center 16 
transmits a first ranging signal 36 and a third ranging signal 38 to the user terminal 12 
via a first platform 40, having a first known location. The processing center 16 also 
transmits a second ranging signal 42 and a fourth ranging signal 44 to the user 
terminal 12 via the second platform 31 having a second know location. The user 
terminal 12 retransmits the furst ranging signal 36 and the tlurd ranging signal 38 back 
to the gateway station 14 via the first platform 40 and retransmits the second ranging 
signal 42 and the fourth ranging signal 44 back to the gateway station 14 via a third 
platform 46, having a third known location. 

[0026] The processing center 16 determines a first delay, a second delay, a 
third delay, and a fourth delay corresponding to time difference between transmission 
and receipt of the first ranging signal 36, the second ranging signal 38, the third 
ranging signal 42, and the fourth ranging signal 44 respectively. The processmg 
center 16 then determines a first position of the user terminal 12 in response to the first 
known location, the second known location, and the third known location and the first 
delay and the second delay. The processing center 16 determines a second position, 
different from the first position, of the user terminal 12 in response to the first known 
location, the second known location, and the third known location and the third delay 
and the fourth delay, thereby determining that the user terminal 12 has moved. 

[0027] In determining movement of the user terminal 12 and the round trip 
time of travel of tiie transmitted and received ranging signals 36, 38, 42, and 44, tiie 
processing center 16 may also measure the frequency shift in the transmitted and 
received ranging signals. The frequency shifts and round trip times of the transmitted 
and received ranging signals 36, 38, 42, and 44 are transformed into communication 
lengths, which are then transformed into a set of ranges, and finally into a three 
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dimensional vector position of the user terminal 12. The positioning technique using 
frequency shifts and travel times is further described in the U.S. Patent No. 6,229,477, 
which is hereby specifically incorporated by reference herein. 

[0028] The processing center 16 in response to the movement of the user 
terminal 12 signals the platform 31 via the gateway station 14 to redirect the beam 24 
from the first microcell 32 to a second microcell 34. The second microcell 34 may be 
an adjacent microcell to the first microcell 32. A satellite may be used in place of any 
of the above-mentioned platforms. The platforms 18 are able to both perform satelhte 
and stratospheric platform operations. The use of the platforms 18 in the mobile 
commimication system 10 allows for increased ability to transmit and receive 
additional ranging signals to additional stratospheric platforms that are in addition to 
the platforms illustrated, thereby increasing the prediction of the position of the user 
terminal 12. The processing center 16 may also introduce different coding techniques 
for signal identification as known in the art. 

[0029] The customer network 20 may include mobile communication 
networks and phone networks. The customer network 20 is in communication with 
the user terminal 12 and any other user terminals such that the processing center 16 
can transmit and receive communication signals between the user terminal 12 and 
other user terminals. Additionally, the center network 22 is preferably in 
communication with any of the following information networks: an Internet, an 
Intranet, or other wide range information network. The processing center 16 transmits 
and receives communication signals between the user terminal 12 and one of the 
above-mentioned information networks. 
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[0030] The present invention by implementing polystatic triangulation within a 
mobile communication system provides high data rate transfer without the use of GPS. 
The present invention also decreases costs of production of said user terminals, 
increases accuracy in user terminal position prediction, and increases overall 
performance of a mobile communication system. While the user terminals 12 
preferably do not use GPS, they may alternatively be configured to utiUze GPS. 

[0031] Having now fully described the invention, it will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made thereto 
without departing firom the spirit or scope of the invention as set fourth herein. 



